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Abstract 
Farmers are searching for solutions that will assist them to increase profitability and 
operational efficiency, while in the same time reduce production costs and achieve 
better prices for their products. To respond to farmers’ requirements, the farm 
management systems have to be further improved and follow a more holistic 
approach, supporting decision-making for more farmers’ operations and tasks. 
The main objective of the Thesis is to identify current gaps to ICT agri-solutions and 
propose a conceptual system that meets the farmers’ needs. Achieving this goal the 
thesis sheds some light over the ICT agri-solutions future outlook. It assists agri-ICT 
providers to better understand the characteristics and the needs of the Greek farmers 
and, based on the results to extend their business portfolio. The present Thesis aims 
also at further assisting the research community to better understand farmers’ 
behaviour towards the use of ICT agri-solutions. Conclusively, present Thesis delivers 
results affecting society, research community, farmers and business towards a better 
understanding of ICT role in agriculture. 
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1. Introduction 
It is estimated that the global need for food will be doubled in the following 50 years 
and the developments in ICT agri-solutions are anticipated to have a major role in 
global and national productivity, food supply and security. Both the ICT tools supply 
and ecosystem services are of vital importance for human existence and life quality. 
Although, the need for more sustainable and environmental friendly agricultural 
practices is eminent. 
Thus, emerging technologies and farm management methods should be exploited 
across the various farming systems in order to address a range of challenges such as: 
to improve crop production efficiency and achieve optimisation of yield’s quantity and 
quality, to have economic farm-related benefits with less inputs, as well as to structure 
environmentally compatible social communities. Current era presents a substantial 
opportunity for the ICT agri-sector to extend its activities, provide a wider range of 
products and services and have a major impact on uplifting the farmers’ living 
standards, while supporting a more sustainable agriculture production. 
There is strong research effort on the topics of ICT and agriculture, especially in the 
thematic areas that address the implementation and design of specific technical 
solutions and sensors. A substantial amount of research is also evident in modelling 
farmers’ behaviour, predicting farmers’ adoption rate, as well as diffusion strategies. 
Although there is sufficient research on the aforementioned topics, there is significant 
research deficit on the actual factors that limit the agri-solutions adoption by farmers. 
Furthermore, literature review, especially in the case of Greece, highlights the lack of a 
currently into market agri-solutions comparison in parallel to an evaluation on why 
those already provided solutions do or do not persuade farmers to adopt them. A 
number of conclusions have been attempted based on partial results, e.g. how farmers 
decide and perform day-to-day actions. Farmers’ decision-making is of highest 
importance when designing an agri-solution ICT system. Several authors concluded 
that the important factor that affects farmers’ decision-making process lies on why 
farmers act as they do, mainly their behavioural aspects, and what are the 
complementary factors influencing their decision-making process. If we get a better 
understanding of this decision process all stakeholders (researchers, providers, 
farmers, etc.) will be in position to provide better tools, products, services, to the 
market. The aim of this study is therefore to evaluate current in market agri-solutions 
(in terms of design and functionalities), to identify farmers’ trends in adopting those 
solutions, the important satisfaction factors and their farmers requirements from 
currently available agri-solutions. By combining this knowledge altogether, we will be 
in position to deliver their current and future needs and propose a framework and a 
conceptual model for future agri-solution developments. 
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2. Literature review 
This section presents relevant literature sources in five sub-sections, namely, 
Information and Communication Technologies (ICT) in agriculture, agricultural systems 
management frameworks (precision farming, smart farming, digital agriculture, etc.), 
sector-related industries, as well as current and future challenges of ICT to agri-food 
sector. This overview primes readers for the main body of the dissertation. 
2.1. Use of ICTs in agriculture 
Historically, agriculture has been the most important sector in most economies and 
the majority of rural populations are still depending on it in developing countries. By 
2050, the expected population of 9.7 billion [1] will have to be fed, despite diminishing 
land and water resources. This is exacerbated by an uncertain global geopolitical 
landscape, climate change, unsustainable overuse of natural resources and continuing 
urbanization, to name but a few factors. 
An effective strategy has to be planned and implemented to enhance food production 
in a sustainable manner that respects the environment. This should entail [2]: 
 
 to further optimize the use of resources in agricultural regions productive 
today; 
 to enhance production in agricultural regions that are currently low in 
productivity; 
 to improve plant and animal genetics, so as to be more productive and less 
susceptible to diseases, pests, etc.; and, 
 to reduce waste and improve efficiency in the food supply chain. 
 
These challenges are considerably tackled through the use of the ICT. ICT supports the 
constant demand for innovation and also provides the rural populations with more 
power so that they may have better access to natural resources, advanced agricultural 
technologies, effective production strategies, markets, etc. The increased storage and 
the expanded capacity of computers in accordance with high-resolution environmental 
and remotely sensed data, has created exceptional opportunities for data-related 
advances in agriculture and food sectors [3]. 
There are a lot of references on how ICTs contributes to the agricultural sector. The 
FAO publication1 has classified them into ICT for production management, market 
access, and economic growth. Moreover, ICTs can be categorised into systems that 
enable farm productivity, market intrusion and value chains, and provide improved 
public services2. 
Specifically, ICT agri-solutions are likely to meet a country’s agricultural goals more 
effectively in the following areas: 
 Agricultural advisory services 
                                                 
1 http://www.fao.org/docrep/017/aq078e/aq078e.pdf 
2 http://www.ictinagriculture.org/ 
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 Environmentally compatible farm management practices 
 Alerts on disasters 
 Boosting market intrusion 
 Food safety and traceability  
 Economic growth and risk management 
 Capacity building  
 Policy frameworks 
 
Figure 1: ICTs and agriculture, Adapted from [4] by the Author 
2.2. Agricultural systems management frameworks: Smart farming 
Smart farming represents an evolution in using ICT in agriculture and provides new 
favourable circumstances through the availability of highly interconnected and data-
intensive technologies in order to facilitate system’s optimisation [5]. Whereas smart 
farming used to be complex and less scalable, it now contains innovations emerging 
from knowledge, skills, and technological advances. 
2.2.1. Integrated Farm Management Solutions 
Integrating data and technologies in worldwide solutions is one of the most distinctly 
emerging trends in smart farming. Combing Global Navigation Satellite System (GNSS) 
with Big Data analytics, Internet-of-Things, Future Internet, data from sensors and 
remote sensing techniques is leading to the development of an increasing number of 
ICT solutions. By utilizing all new technologies, a new framework of digital 
interconnected devices and relative solutions is emerging. 
By using several data from different sources, both on spatial and temporal level, allows 
farmers to take more accurate and better-informed decisions. At the same time new 
ICT applications and tools that are being developed extent their applicability by 
collecting several data from various regions and sources being able to be deployed and 
utilised at any local level. Utilisation of such ICT systems will improve crop 
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management strategies and better monitoring of agricultural practices. Best practices, 
past actions, historical data combined with real-time data and various models can 
enable farmers, consultants and public organisations to better adjust in a number of 
risks and actions (intergraded pest management, irrigation management, fertilization 
management, environmental protection, etc.). 
Nevertheless, the increasing number of data sources and applications may favour the 
development of new ICT agri-solutions, there are still some barriers to achieve 
optimum compatibility and functionality. Interoperability and data format 
standardisation issues are considered the most important factors up-to-date with ICT 
agri-solutions market up-take expected to reach 40% from 10% that was estimated to 
be in Europe in 2016 (John Deere). 
2.2.2. Sensors 
Sensors automatically measure the actual performance of farm processes. For 
instance, if the conditions of the environment and soil are monitored, this will increase 
the efficiency and sustainability of farming. Moreover, sensors are also utilised to 
better manage water, as well as efficiently control pest and diseases. Sensors can [6]: 
 measure the temperature of the air, humidity and atmospheric pressure; 
 transmit data collected in a field through USN (ubiquitous sensor networks) to 
a station that will upload them to global systems; 
 send data through mobile networks to remote measuring units. 
The use of sensors and their networks has provided fundamental support to 
agriculture and related agricultural practices. The advancement of technology enables 
such practices to be utilised for a variety of purposes and evolve from simple, ground-
based sensors to ones with extended capabilities (meteorological information, data 
concerning crops cultivated and soil conditions, monitoring of different crops on one 
field, etc.) [7]. Robots and sensors also produce novel forms of data, e.ge visual and 
secondary data produced by machinery. Digital communication tools support 
management because they make it possible for employees and people in charge to 
have regular real-time exchange of information. 
Furthermore, field-based activities are enabled by geo-locationing Global Positioning 
System (GPS) that allows to precisely locate where equipment, animals, etc. are 
located, as well as measure necessary values and so on. They also use digital maps to 
help inventories and agricultural input. The last task can be continuous to relieve any 
changes that may happen. GPS also offers precision in sampling, high resolution in 
images and field fertility rates. Unmanned aerial systems (UAVs), on the other hand, 
monitor remote resources and help determine crop, animal and soil conditions; they 
help avoid hard work by guiding equipment to ensure accurate management. Finally, 
they collect and process data to ensure chemical or seed application adjustments and 
to interact with computer hardware [2]. 
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2.2.3. Robotics 
In parallel to the development of ICT agri-solutions, farming practices automation and 
robotics are also considered emerging technologies/ applications without sacrificing 
produce quality [8]. Such technology applications, including fully or semi-autonomous 
machinery are already evident in small scale, in high profit crops, e.g. winery, fruits and 
vegetables. Several EU funded research projects such as Robofarm (FP7), Clever 
Robots for Crops and Sweeper (FP7, GA No 246252), have piloted and validated such 
systems on various crops and uses in traditional agriculture farming practices. Fully or 
semi-autonomous robotic systems utilization can ensure optimal growth and 
harvesting and, therefore, higher yield. They can also reduce agrochemicals and 
improve quality of soil. The accuracy of new technologies (automatic steering) which 
GNSS offers allows the increase of fully or semi-autonomous robotic applications [9]. 
First applications have been performed in Japan with California, having large amount 
of high value crops, is leading the autonomous robotic applications on the other side 
of Atlantic.  
2.2.4. Small satellites 
Following the deployment of satellites, a new trend surfaced capitalising upon the 
miniaturisation of all normal satellite components. Nano and micro-satellites capable 
of performing similar or comparable functions with normal-large satellites present a 
significant improvement in processing power, data storage, camera technology, etc. As 
with “satellite” sources expansion delivering varying types in resolution and quality of 
data the Earth Observation (EO) market is booming during the last years with an even 
more prominent expansion for the coming years. In that booming market several 
business initiatives have been emerged (e.g. CubeSats, Planet Doves) and are expected 
to be further populated while the EO data functions and supply chain profitability 
increases [10][11]. 
2.2.5. Internet-of-Things; Big Data 
Recent advance in technology (e.g. Big data and the Internet of Things (IoT)) are 
expected to further influence smart farming development and infuse farming with 
more artificial intelligence. 
There has been an important trend of using such novelties for financial gains that add 
value to our investments in the agricultural sector [12]. Big data is a phrase that has 
been introduced to the world of technology and it refers to the capture of relevant 
data from the huge number sources collecting it today and to the translation of these 
data into actionable information to ameliorate business processes and solve problems 
in a smart way gradually and quickly. Some ways new technology can benefit 
agriculture including comparative criteria (benchmarking), data collection through a 
wide range of sensors and processing (analytics) and the use of models for predictive 
purposes [13]. This way one can make decisions considering the latest data and reform 
operations in a manner that has never existed before [1] [14]. 
On the other hand, the IoT is an imminent development allowing interaction and 
interoperability within infrastructure [15]. This means that once data are available 
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anywhere at any time to help make informed decisions (when to harvest) [16]. These 
are the first signs of smart farming which is expected to become the norm in the 
immediate future. 
2.3. Trends and challenges 
There are significant global trends aiming at securing sufficient food and ensuring 
sustainability; this influences directly and indirectly ICT farm solutions and 
functionalities. Structural shift of economies, driven by economic growth and 
population dynamics; climate change effects on food-productivity whether it concerns 
plant, animal or fish products is at risk due to climate change; remaining and extensive 
diversities, among countries, that prevent the reduction of poverty. The established 
economy of food production and the low number of producers in a capital intensive 
context is something of high risk that needs to be addressed (This is the result of 
market “rules” and the leading role of food industry within the food market). 
These trends cumulatively lead to various-significant challenges for food and 
agriculture systems and ICT managing systems respectively. One major challenge that 
the agriculture and, especially, the agri-food sector faces is the data compatibility and 
interoperability. If these do not exist, then systems will require manual reformatting 
and transfer [17].  
Though it is difficult to find detailed information about standards on how to apply data 
compatibility and for the situation in hand.  Some of the most commonly used ones 
are the following: 
 XML (data integration standardisation) which is the leading standard, even 
from EDI, regarding message specification. It is used both at intra- and inter-
enterprise level.  
 GS13 (previously known as EAN/ UCC) and which is the international standard 
for the exchange of product data in an enterprise level4. At the inter-enterprise 
level, standardization addresses one level of information exchange.  
 EDI-based standards are extensively implemented, such as EDIFACT5 
(UN/CEFACT, 2009) and ANSIX12 (ASC X12, 2009)6.  
 ebXML (e-business XML)7 which is an emerging standard and provides an 
information elements catalogue in XML format in an enterprise level. It 
contains several sub-standards, such as bXML Messaging Services (ebMS), 
aligned with SOA, BPSS (Business ProcessSpecification Schema), ebXML 
Collaboration Protocol Profile and Agreement (CPPA) and ebXML Registry.  
                                                 
3 https://www.gs1.org/standards  
4 https://www.iso.org/standard/57620.html  
5 https://www.edibasics.com/edi-resources/document-standards/edifact/  
6 https://www.edibasics.com/edi-resources/document-standards/  
7 http://www.ebxml.org/  
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 ISO 11873 or ISOBUS is a protocol used for the electronic communication 
among agricultural equipment and it is useful for monitoring and collecting 
data between sensors, processors, controllers and software within the same 
vehicle. However, the actual adoption by farmers is described low-level. 
3. Research objectives and methodology 
The main focus of ICT in agriculture is to design, develop and apply innovative ways to 
use ICT derived solutions within agriculture. ICT in agri-sector provides diverse means 
of addressing various farming problems while at the same time promotes sustainable 
agriculture in accordance to the environmental protection. Present Thesis aims to 
investigate and respond the following research questions (RQ): 
1) RQ1: How do farmers make use of ICT agri-solutions to meet their needs?; 
2) RQ2: What is farmers’ attitude towards utilizing ICT agri-solutions?; 
3) RQ3: What is farmers’ user experience and respective requirements for the ICT 
agri-solutions?; 
4) RQ4: What is farmers’ perceived benefits of utilizing ICT agri-solutions?; 
As well as to analyse current in the market available ICT agri-solution (D1), and 
propose an ideal conceptual system (D2).   
Conclusively, present Thesis aims to respond to the aforementioned RQ though an 
extensive search and comparative analysis of current in market ICT agri-solutions (D1). 
For the agri-solutions market analysis, we will analyze products and services currently 
offered in the European market with regards to their functionalities and their coverage 
(in term of crops). The farmers’ requirements deriving from the secondary literature 
review sources will then compared to the market analysis(D1) and a conceptual model 
will be structured to further meet their needs(D2). Effort will be made that the 
secondary sources will include, present and analyze research findings deriving from 
multiple countries in order to sufficient describe variations in farmers’ requirements.  
Based on literature review and for the needs of this dissertation, several technologies 
and technology systems and functions will be referred. As technologies can be 
considered Unmanned Arial Vehicles (UAVs), Global Positioning System (GPS or GNSS), 
etc. Furthermore, technologies perform functions and the main functions that will be 
taken into account are following listed. Many more functions are available either on 
ICT solution or on literature review. 
Table 1: Main functions of ICT solution in agricultural sector 
Function Description 
Agronomic  
biophysical models 
They facilitate soil, plant and climate data integration 
Alerts on Diseases It is a process to inform the user for eminent diseases on their fields 
Analytics It recognises data patterns through the use of e.g. maths, stats, predictive modelling 
and machine learning 
  -9- 
Anomaly detection It identifies  any deviation from (data) patterns 
Artificial 
intelligence 
It is a process of developing tasks through machinery power instead of human 
intelligence  
Automated Event  It is a process generated when the user uses an event management software that 
enables automating the major processes on the level of organization, promotion, 
and success evaluation 
Automated 
irrigation 
scheduling 
It is an irrigation operation of the system with no or just a minimum of manual 
intervention beside the surveillance 
Biomass maps 
estimation 
It depicts resources of biomass in the area of interest 
Biomass 
production 
It is the action of producing biomass 
Biomass Water 
Use Efficiency 
It is the quantity of water used per unit of biomass production  
Crop calendars  It refers to the scheduled tasks that should be done regarding the crop management 
Crop development 
maps 
It is the depiction of the development steps of crop production 
Crop monitoring It is an operation providing information on crop areas  
Crop Nutrient 
Assessment 
It refers to the nutrient use efficiency in crop production 
Crop Stress 
monitoring 
It refers to the monitoring of yield reduction  
Crop vigour 
mapping 
It is the process of monitoring and mapping crop progress through sensors that emit 
and capture reflectance of near infrared and red spectrum light waves to develop 
vegetation indexes 
Crop water 
requirements 
estimation 
It is the water column (mm) to cover evapotranspiration losses for a healthy crop on 
fields with normal soil water and fertility conditions, which achieves the optimal 
yield 
Crop Zone 
Management 
It is an approach to optimize crop production and environmental quality 
Evapotranspiration 
(actual) Depiction 
It indicates how much water lost because it evaporates or transpires from the leaf 
surface 
Evapotranspiration 
Deficit Index 
Estimation 
It is used for identifying water stress of crops 
Fertilisation map It provides fertilization-recommendations pertaining to which zones of the user's 
field they can save fertilizer and where more fertilizer is needed 
Forecasts on the 
maturity date 
It refers to the estimation of the maturity date of crop by location based on specific 
parameters for the remainder of the growing season 
Irrigation 
management 
It is a process controlling how much and how often water is used to help plants 
grow, while preserving water resources 
Irrigation mapping It provides adequate information to make decisions about irrigation 
Irrigation 
scheduling 
It is the process used by irrigation system managers to determine the correct 
frequency and duration of watering 
Irrigation water It is the process of assessing the irrigation potential, based on soil and water 
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requirement 
estimation 
resources 
Geographic 
Information 
System (GIS) 
It is a system that collects, files, handles, processes and reports spatial data 
Management 
zones mapping 
It refers to management zones that make the highly detailed agricultural maps into 
more manageable datasets by grouping similar regions (either geographically or 
visually) within a field 
Nitrogen mapping It refers to mapping the movement of nitrogen from its source into the air, water, 
and land 
Fertility mapping It is used to map and assess the soil fertility differences 
Pests and disease 
detection 
It is a process of diagnosing plant diseases and pests affecting the crops 
Planting 
recommendations 
It is a process of providing information, regarding the planting techniques and 
operations needed to improve the crop's chances of developing 
Soil moisture 
monitoring 
It is a process that is used in agricultural water management applications such as 
irrigated fields to optimise the use of irrigation system water usage 
Vegetation Index 
Monitoring 
It is a figure indicating photosynthesis on the land and changes in plant canopy in a 
manner that allows comparison in time and space 
Water productivity 
monitoring 
It describes the ratio between the quantity of an agricultural product and the 
amount of water depleted or diverted 
Weather 
monitoring and 
forecast 
It is a continuous track of the various atmospheric factors which constitute weather 
at a place and provide predictions for future events 
Weed monitoring It assess possible threats and helps find optimal methods and times to apply 
measures so as to protect crops 
Yield mapping It combines geo-tagged data with crop characteristics at the time of harvest 
Yield monitoring It provides adequate information to make decisions about fields 
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4. Market analysis 
In this chapter of the dissertation we perform a deep analysis of currently available ICT 
agri-solution application in European and global market. We then analyse each agri-
solution in terms of functions, data sources, market target group and geographical 
coverage. Later on in the chapter, we try to respond to the following questions; what 
are the main features that the majority of the vendors offer to the farmers and various 
customer groups; what are the main data sources and the geographical coverage. By 
the end of the market analysis, we draw some conclusions that we will assist us in the 
formation of the conceptual model in the next chapter. 
4.1. Description of the Global Smart Farming Market 
Smart farming market is a relatively emerging market since it is largely based on 
technological advances that are now becoming commercially available. Potentially, it 
can be applied in any area around the world where intensive arable agriculture is in 
practice. It is estimated that, until 2020, the smart farming market will have achieved 
substantial growth rates; it is projected that the CAGR (Compound Annual Growth 
Rate) will come to 13.47% between 2016 and 2022, and, by 2025, will rise to USD 
10.70bn, as compared to USD 3.2bn in 2015 and USD 7.87bn in 2022 [18]. What mainly 
drives the market is reduction of input costs and advancements in the agricultural 
industry. Smart farming enables cost reduction in farm inputs such as fertilisers, 
chemicals delivering the right amount of inputs at every place and when it is needed 
[19]. Depending on the crop, the Smart Farming Service can result in an overall 
profitability increase of $55 to $110 per acre.  
The software application subsegment, and, more specifically, forecasts that Crop 
management solutions will grow the most in the market segment of smart farming. 
The expected increase and growth can be easily justified considering that such 
software applications allow better, crop monitoring, crop protection and farm 
auditing, while at the same time, minimizing outputs such as agri-waste, assist in 
securing landscape and efficient soil management. Furthermore they allow for efficient  
crop nutrition and efficient utilization of resources while at the same time improving 
crop quality [19]. 
Up to day Farm Hardware devices were holding the largest market share, in terms of 
value. Their commercial success could be justified if we consider that by utilising 
ground sensors, GPS/GNSS systems, monitors, handheld-mobile devices etc. farmers 
could substantially better manage their activities and achieve higher productivity of 
their land and crop. Up to 2025, automation and control systems as a subsegment of 
Hardware devices are expected to showcase a significant increase. 
Recent market analysis indicated a strong growth in the use of asset management 
practices within the agriculture and water industry over the next five years [20]. In this 
context, Management Decision Support System (MDSS) technology is expected to be 
progress and capitalised significantly in the private sector. A number of players such as 
specialized SMEs, software and data management developers, technology centres, 
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digital innovation Hubs, research centres and other related players/actors are 
expected to be strongly involved and develop services and applications with core 
MDSS aspects and functionalities . Expert farm management systems, based on multi-
sourced data platforms, are becoming more and more spread. Among many types of 
data sources, remotely sensed data from satellites have an enormous potential to 
provide useful information for external farm input and water management and yield 
forecast in smart farming. Consequently, FAO (Food and Agriculture Organization) 
continues to expand its use of decision support systems based on EO. Commercial 
satellite operators have identified products based on high-resolution imagery as the 
most promising methods for delivering timely information on crop health. According to 
the BCC Research Paper “Report on Remote Sensing Technologies and Global 
Markets”, BCC Research [20], there will be global demand of 600 million of USD for EO 
data products in agriculture, of which approximately 40% located in low and middle-
income nations with a Compounded Annual Growth rate higher than 20%. 
Each observation data products have a significant contribution to the efficiency of 
modern agricultural practice, resulting in being a consistent and broad in terms of 
coverage, source of data and information. Such “credible” data sources are essential to 
large companies active in the agri-ICT sector. Each observation data products are 
currently estimated to 2.1 billion USD and expected to reach to 5.1 billion USD by 
2023. The market is expected to showcase even greater ration of increase usability, 
since new very high-resolution data are continuously available with a broader coverage 
and will lead the next “revolution: in commercial and enterprise solutions [21]. 
 
Figure 2: Smart Farming components market statistics for 2014-2022. Adapted from [22] by the  
Author 
Figure 2 illustrates the expected market trend of the above-mentioned 
components/solutions. Presently the lowest market share and the highest market 
share is being retained by farm management systems and automation and control 
systems respectively, with the second one to account for a 17.74% of the total market 
revenue. These two technologies serve a variety of Agri-ICT applications such as 
services monitoring yield or soil conditions, VRA and VRF services, services for mapping 
farm holdings, and services scouting for crops and checking on precise irrigation. Of 
these monitoring of crop harvest rates has notched the highest revenues in recent 
years. 
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An assessment of the industry market trends in key-important geographical regions 
(namely, Europe, APAC (Asia Pacific), North and South America and ROW (Rest of the 
World) is presented below (Fig. 3),  which illustrates the percentage share of the 
different geographical regions in the revenue generation of precision farming 
technologies for the year 2014. The ROW section covers the African continent and the 
Middle East region. The developing regions of Asia Pacific, however, are estimated to 
show the highest growth rate, increasing at a CAGR of 18.29% [22]. 
 
Figure 3: Geographical market split (2014) 
During the next 20 years, the highest increase for Smart Agriculture applications is 
expected to take place in developing countries, due to the fact that they have a lower 
starting point. Nevertheless, market experts indicate that the most promising markets 
will be those of the US and Europe, delivering further value and revenue. 
 North America: Smart farming is part of the most appealing markets. Incentives 
for those expectations are the presence of large scale farmlands and high 
labour costs. Thus the application of Smart Farming technologies is expected to 
result in higher “benefits” and NA farmers showcase high levels of 
professionalism, by continuously adopting technological advances. 
 The European Union: similar to the other side of the Atlantic, EU agricultural 
produce market showcases top quality professional performance and high 
adoption rates of modern technological applications. What promises a 
favourable market environment is, on the one hand, a long-standing ecosystem 
and, on the other, investing significantly in both the public and the private 
sector. However, specific limitations apply in the EU case. First, the dominant 
small-scale farmland, seconded by mildly lower input costs, format a marginal 
less inviting market in comparison to that of North America. 
 Asia, South America, and the rest of the globe: In the majority of the   
developing countries a number of challenges format a fruitful and promising 
market for Smart Agriculture applications. Scarcity of resources and climatic 
conditions of intensely extreme phenomena combined with continuously  
increasing need for nutritional products, due to high birth rates and rising 
prosperity, establish a more than welcoming market environment for Smart 
farming applications. Consequently, significant drivers to establish and retain 
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increased demand for improvements in natural resources management and 
increase of the yield productivity are in place. Nevertheless, as in the rest of the 
market, the same applies here as well and a number of drawbacks are present. 
Lack of supporting infrastructure and education, low mechanization rate and 
wages well below those elsewhere will most probably affect demand as well as 
Smart Farming technological applications in these regions. 
4.2. The Smart Farming Market players 
Traditionally, Original equipment manufacturers (OEMs) and suppliers were those that 
mainly responded to the needs of rural businesses, whether they concerned 
equipment or entrepreneurial aspects. OEM solutions were mainly based and designed 
on general knowledge deriving from research experiments the rough national or 
international collaborating opportunities. In recent years, new market opportunities 
have arisen, and new non-traditional players have surfaced and entered the market. As 
all the more stakeholders enter and disrupt the market, while reinforcing their place in 
it, Agri-CT technology, such as, analysis of data and applications of new software, has 
allowed them to slowly extend their portfolio of products and services  and play a 
major role in addressing farmers’ requirements in a better -more efficient way 
[23][24]. There are major changes as to who is involved in the chains of supplying agri-
food, or what their roles and strengths might be [1]. In an attempt to segment the key 
market players for Smart farming technologies we result with eight categories, with 
each type of market key-player offering different value added products/services: 
1. Agricultural OEMs: offer both hardware and software solutions; 
2. Procurement: a wide range of technologically products are becoming available, 
mechanical or otherwise, meeting various  aftermarket needs as well; 
3. Seed companies: are slowly expanding their portfolio of services further from 
seeds by providing consultation as well as insurance policies;  
4. Companies providing IT & Big data have also entered the market offering 
services in analytics and software applications to serve the technologies of 
Smart Farming. 
5. Advanced solutions providers: offer high-tech solutions that support the 
application of Smart farming technologies (drones, sensors and control 
systems). 
6. Start-ups: the continuously evolving players developing new smart devices and 
apps for Smart Farming technologies and applications. 
7. Investment funds/ traders: farmland investments and commodity financial 
trading is a traditional sector that further slowly enters with the provisioned 
additional value-added services. 
8. Research centres: and universities, the cornerstone of agri-related research, 
publish studies and develop prototypes to further enhance and empower 
Smart Farming technologies and applications. 
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Figure 4: Key market players 
Based on the current market trends and experience new players will increasingly enter 
and compete within the Smart Farming technologies and applications market. The 
opportunity is open for each new player either to participate in the development of 
technological solutions or created a combination of single solutions to suit their needs, 
or build and capitalise on solutions already offered, by “refining” small limitations or 
disadvantages. On the journey of gaining and increasing their market share and expand 
their activities, new strategic points in the value chain will be formatted, and new 
synergies will be exploited. Especially when considering the emerging opportunities 
that Big Data analytics can have in the agri-business sector, and a highly competitive 
environment of major players, e.g., Bayer, Dupont, etc, within which huge investments 
have been made in technological advances, a very promising and fiercely competitive 
future is guaranteed for all actors. In that competitive environment, smaller companies 
and start-ups can benefit by addressing niche segments of the market, by delivering 
innovative technology solutions focused on reducing farmers’ costs and increase yields 
[13]. Finally, critical part in formatting the market is being played by University-led 
innovations. Those are typically related with agricultural institutions in developed 
countries and in their majority showcase low market uptake. Last but not least, players 
like Agri-accelerators, Agri-incubators, or others involved in providing the necessary 
capital for new enterprises and ventures (DOW, BASF, Syngenta, etc.) are expected to 
further leverage and enhance capacity development and services/products market 
upatake and  commercialisation populating further the Smart Farming technologies 
and applications market [25]. 
4.3. Market size in Europe 
European Union (EU-28) has a total of 176 million hectares utilized agricultural area 
(UAA) (around 40 % of the total land area), with 14.4 hectares being the average size 
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of European agricultural holding. With two fifths agricultural land (2010) and a further 
one fifth surrounding the parcels and belonging to the agricultural holdings create a 
substantial area that can support smart farming applications. Within this sizeable UAA, 
arable crops are marginally dominant representing 59.1% of the UAA, with 33.7% 
represented by pasture, meadow and rough grazing representing and a 6.1 % of total 
UAA where fruit, vines and olive trees are grown9. In Ireland, a proportion of 73% of 
the land is used for cultivation purposes, while the equivalent in the UK is 69.6%. On 
the contrary, the corresponding land surface area in Sweden and Finland together is 
7.5 %8.  
EU-28 average labor force was 9.9 million AWUs 9 in 2010; of these, people in regular 
work came to 9.2 million, i.e. 92 % of the total. 
Those statistics signify that agriculture is a family-oriented activity in EU, and 78% of 
those working in this sector are either farm owners or their family members. 
Exceptions of course exist, e.g Slovakia (28 %), Czech Republic (22 %) and France (44 %) 
where different ownership applies. Furthermore, with the vast majority of farmers 
being natural persons (97%) and one third (35 %) being female, agriculture labour 
force seems to go through a transformation9. To that end, EU is supporting them with 
several national, regional and EU-Wide funding opportunities aiming to assist and 
enable them to go through the transformation, modernisation and high-tech 
mechanisation towards a more competitive agricultural sector.  
Countries that entered the EU later were fewer and benefited from funds available so 
as to modernize their rural economies. Available EU ARDF (Agriculture and Rural 
Development Funds) are there to respond to meet the “economic, environmental and 
social challenges of the 21st century.”CAP’s major programme, namely that for rural 
development, assists farmers with both direct payments and with measures to manage 
farming product markets. Funds available amount to €100 billion for the 2014-2020 
time period. This amount will be complemented by the subsidies of the Members 
States, which come to another €61bn. 
 
As for the SE region, in the 2014-2020 period, Croatia will receive $2.3bn   Romania 
$9.0bn, Bulgaria $2.6bn, and Hungary $3.8bn, in other words $17.7bn in ARDF. All 
these states and thousands of their small farmers are entitled to such funds to be 
invested in machinery and chemical for agricultural use as well as storage for their 
crops and technological irrigation aids.    
 
                                                 
8 Eurostat – Farm structure statistics 
9 One annual work unit, abbreviated as AWU, corresponds to the work performed by one person who is occupied 
on an agricultural holding on a full-time basis. Full-time means the minimum hours required by the relevant national 
provisions governing contracts of employment. If the national provisions do not indicate the number of hours, then 
1 800 hours are taken to be the minimum annual working hours: equivalent to 225 working days of eight hours 
each. 
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Table 2: Agricultural land use in the EU in 2010. Source: Eurostat 
 
Table 3: Farm labor force in the EU in 2010. Source: Eurostat 
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4.4. Agricultural solutions landscape 
The table below provides an overview of the main functionalities of ICT agri- solutions 
and the selection of them is input data-agnostic; in other words, it is not limited to 
solutions which use satellite data. 
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ICT SOLUTION VENDOR FUNCTIONS DATA SOURCES CROPS COVERAGE TARGET GROUPS 
N-eXpert Agrifortis GMBH  Fertilisation Map 
 Crop Nutrient Assessment 
 VRT  Arable crops 
 Tree crops 
Europe  Farmers 
 Farm investors 
 Field operation 
providers 
SmartPlant Manufaktura  Pests and disease 
detection 
 Alerts on Diseases 
 Planting 
recommendations 
 GIS  
 Meteorologica
l data 
 Arable crops 
 Tree crops 
 Open field 
vegetables 
Serbia  Farmers 
 Agricultural 
consultants 
 Representatives of 
agricultural expert 
services and 
cooperatives 
 Agronomists 
 Scientists 
AKBIS-FARM GEOSYS GIS and 
Consultancy Services 
 Analytics 
 Farm Management 
 Weather monitoring and 
forecast 
 Planting 
recommendations 
 Crop monitoring 
 Yield monitoring 
 Compatibility of 
international standards 
 Management Zones map 
 Fertilisation map 
 Spraying maps 
 Irrigation mapping 
 Crop development maps 
 Field data and 
field sensors 
 Geographical 
data 
 Arable crops Turkey  Farmers 
 Agricultural 
consultants 
 Representatives of 
agricultural expert 
services and 
cooperatives 
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Smart 
detection of 
pests using 
optical and 
acoustic sensor 
networks - 
SDOP 
Prozone doo Novi Sad  Field monitoring 
 Pests and diseasion 
detection 
 Weather monitoring 
 Drones  Serbia  Farmers 
 Agricultural 
consultants 
GAIA InFarm 
Smart Farming 
Services 
Neuropublic  Weather forecast 
 Pests and disease 
management 
 Crop monitoring 
 Soil moisture monitoring 
 Fertilisation map 
 Irrigation management 
 Alerts on Diseases 
 Field data and 
field sensors 
 Remote 
sensing 
 Arable crops 
 Tree crops 
 Open field 
vegetables 
 Vineyards 
Europe  Farmers 
 Agronomists 
 Agricultural 
consultants 
OLIWE TeamDev  Alerts on Diseases 
 Pests and disease 
detection 
 Planting 
Recommendations  
 Meteorologica
l data 
 Olives 
 Tree crops 
Europe  Farmers 
 Agricultural 
consultants 
ifarma Agrostis  Crop management 
 Analytics 
 Farm management 
 Farmers 
generated 
data 
 Arable crops Europe  Farmers 
mint Agrostis  Pests and disease 
detection 
 GPS   Europe  Farmers 
 Agronomists 
 Agricultural 
consultants 
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Dacom Online Dacom Farm Intelligence  Crop monitoring 
 Yield monitoring 
 Farm management 
 Weather monitoring 
 Alerts on Diseases 
 Alerts on Pests 
 Irrigation management 
 Geographical 
data 
 Field data and 
field sensors 
 Near-sensing 
camera data 
 Drones  
 Soilscan 
 Arable crops 
 Open field 
vegetables 
 Vineyards 
Netherland  Farmers 
 Agronomists 
 Agricultural 
consultants 
  
agreo smag  Intervention records 
 Crop monitoring  
 Reports 
 Analytics 
 Yield monitoring 
 Farmers 
generated 
data 
 Arable crops 
 Open field 
vegetables 
 Vineyards 
  Farmers 
 Agronomists 
 Agricultural 
consultants 
 Market gardeners  
 Winegrowers 
FARMSTAR Farmstar LTD.  Optimal nitrogen 
application maps 
 Optimal spraying dates 
 Forecasts on the maturity 
date 
 Crop monitoring 
 Alerts on Diseases 
 Yield monitoring 
 Satellite data 
 Manned 
Aircrafts 
 Drones 
 Wheat 
 Barley 
 Maize 
 Rapeseed 
 Sugar beet 
Worldwide  Agricultural 
cooperatives 
 Public Chambers of 
Agriculture 
 Farmers’ groups  
 Private companies 
 Subcontracting 
companies  
 Local public 
authorities 
PIXAGRI TerraNIS  Crop monitoring 
 Management Zones map 
 Satellite data 
 
 Any crop Worldwide  Farmers 
 Agricultural 
cooperatives 
 Consultants 
 Industry players 
 Seed suppliers 
 Institutional 
agencies 
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SOYLsense SOYL  Optimal nitrogen 
application maps 
 Crop monitoring 
 Satellites 
 Drones 
 Winter wheat 
 Winter oilseed 
rape 
 Winter barley 
 Oats 
Europe 
Africa 
Oceania 
 Farmers 
 Agricultural 
cooperatives 
 
TalkingFields Vista  Persistent relative fertility 
maps 
 Management zones maps 
 Biomass maps 
 Yield mapping 
 Yield forecast maps 
 Satellite data  Winter wheat 
 Winter barley 
 Rapeseed 
 Sugar beet 
 Maize 
Europe  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
Consultants 
HydroBio HydroBio, Inc.  Irrigation management 
 Crop monitoring 
 Satellite data  Any crop Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
Consultants 
PiMapping® eleaf  Biomass production 
 CO2-intake 
 Leaf Area Surface 
 Actual evapotranspiration 
 Nitrogen 
 Yield mapping 
 Water productivity score 
 Crop water requirements 
 Weather monitoring 
 Crop monitoring 
 Satellite data  Any crop Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
Consultants 
 Industry players 
 Policy makers 
 Governments 
CropLook FruitLook  Yield monitoring 
 Dry matter 
 Total biomass production 
 Crop monitoring 
 Satellite data  Potatoes 
 Maize 
 Sugar beet 
 Wheat 
 Sugarcane 
Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
Consultants 
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GrapeLook FruitLook  Biomass production 
 Leaf Area Index 
 Vegetation Index 
 Evapotranspiration (actual 
and deficit) 
 Biomass Water Use 
Efficiency 
 Nitrogen in leaf 
 Nitrogen in upper leaf 
layer 
 Satellite data  Wine grapes Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
Consultants 
FruitLook FruitLook  Biomass production 
 Leaf Area Index 
 Vegetation Index 
 Evapotranspiration (actual 
and deficit) 
 Biomass Water Use 
Efficiency 
 Nitrogen in leaf 
 Nitrogen in upper leaf 
layer 
 Satellite data  Plums 
 Peaches 
 Pears 
 Table grapes 
 Wine grapes 
 Apples 
Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
Consultants 
 Industry players 
 Policy makers 
 Governments 
Irrisat Irrisat  Irrigation monitoring 
 Crop monitoring 
 Weather forecast 
 Registration of irrigations 
 Irrigated area mapping 
 Irrigation water 
requirement 
 Satellite data  Any crop Italy  Farmers 
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URSULA 
Agriculture 
URSULA Agriculture Ltd  Crop monitoring 
 Optimised inputs 
application 
 Informed drilling and 
planting strategies 
 Early yield estimates 
 Weed monitoring 
 Satellite data 
 Manned 
Aircrafts 
 Drones 
 Any crop UK  Farmers 
 Agricultural 
Consultants 
 Trial companies 
Oenoview® Groupe ICV  Fertilisation maps 
 Young vineyards sites 
maps 
 Botrytis prone area maps 
 Crop vigour maps 
 Satellite data 
 
 Wine grapes Worldwide  Wine growers 
 Cooperative 
wineries 
 Agricultural 
Consultants 
 
Agrivi Agrivi  Farm management 
 Wine management 
 Enterprise farm 
management 
 Cooperative management 
 Algorithmic 
models 
 Fruits 
 Vegitables 
 Grain 
 Wine 
Worldwide  Farmers 
 Wine growers 
 Cooperative 
wineries 
 Agricultural 
Consultants 
 
AquaSpy AquaSpy Inc  Soil moisture monitoring  Field data and 
field sensors 
 Software 
 Any crop Worldwide  Farmers 
AquaTEK AquaTEK  Irrigation scheduling  Software 
 Earth 
Observation 
data 
 Maize Italy  Farmers 
 Agricultural 
Consultants 
 Industry and public 
stakeholders 
SentekEnviroSC
AN  
Sentek  Irrigation scheduling  GPRS 
 Software 
 Any crop Worldwide  Farmers 
 Agricultural 
Consultants 
 Industry and public 
stakeholders 
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SpiderWEB GIS UCLM  Irrigation scheduling 
 Crop monitoring 
 Earth 
Observation 
data 
 GIS 
 Web- GIS 
 Any crop Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
Consultants 
 Industry and 
institutional 
stakeholders 
PROSPERA Prospera Technologies  Pests and disease 
detection 
 Water and nutrient 
optimisation 
 Yield monitoring  
 Analytics 
 Machine 
learning 
 Software 
 Various Worldwide  Farmers 
 Agricultural 
cooperatives 
aWhere aWhere  Field Management 
 Alerts on pest and disease 
risks 
 Crop monitoring 
 Planting 
recommendations 
 Weather monitoring 
 Software 
 Machine 
learning  
 Farmers 
generated 
data 
 Various Worldwide  NGOs 
 Governments 
 Farmers 
 Agricultural 
Consultants 
CropMetrics CropMetrics  Irrigation monitoring 
 Automated irrigation 
scheduling 
 Weather forecast 
 Crop monitoring 
 Seasonal predictions 
 Customised field 
parameters 
 Software 
(cloud) 
 Earth 
Observation 
data 
 Farmers 
generated 
data 
 Various Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
consultants 
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Farmbrella Nemetschek  Weather moniroting  Meteorologica
l data 
 Various Worldwide  Farmers 
 Agricultural 
cooperatives 
 Agricultural 
consultants 
RESSON (US) RESSON  Predictive Crop Analytics 
 Crop Zone Management 
 Crop Nutrient Assessment 
 Crop Stress & Anomaly 
detection 
 Automated Event and 
Alert Reporting 
 Software 
 Field data and 
field sensors 
 Various Worldwide  Small agricultural 
companies 
 Agriculture service 
providers 
FarmLogs FarmLogs  Weather monitoring 
 Field Management 
 Alerts 
 Planting 
Recommendations 
 Soil moisture mapping 
 Crop monitoring  
 Activity tracking 
 Nutrient deficiency 
 Pests and disease 
detection 
 Farmers 
generated 
data 
 Satellite data 
 
 Various US  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
GAMAYA GAMAYA  Weather monitoring 
 Crop monitoring 
 Pests and disease 
detection 
 Soil erosion 
 Yield monitoring 
 Nutrient content 
 Airborne 
 Satellite data 
(hyperspectral
) 
 Software 
 Artificial 
intelligence 
 Agronomic 
models 
 Sugarcane 
 Soyabean 
Worldwide  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
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FarmersEdge FarmersEdge  Crop monitoring 
 Farm Management 
 Software 
 Satellite data 
 Corn 
 Various 
Worldwide  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
The Yield The Yield  Irrigation Management  Remote 
Sensing 
 Beans 
 Tomatoes 
Worldwide  Farmers 
TARANIS TARANIS  Disease prediction 
 Tillage 
 Irrigation management 
 Pests and disease 
management 
 Field Management 
 Weather monitoring and 
forecast 
 Deep learning 
 Aerial 
 Remote 
sensing 
 Software 
 Farmers 
generated 
data 
 Various Worldwide  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
Pycno 
Agriculture 
sensors 
Pycno Agriculture  Irrigation management 
 Alerts 
 Disease prediction 
 Weather forecast 
 Software  Various Europe  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
TOPS Satellite 
Irrigation 
Management 
Support 
TOPS-SIMS  Irrigation management 
 ETcb 
 Crop coefficient (Kcb) 
 Fractional Cover (FC) 
 Vegetation Index (NDVI) 
gapfilled 
 NDVI 
 Satellite data  Worldwide  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
Cropio N.S.T. New Science 
Technologies 
 Contract Management 
 Crop Monitoring 
 Yield Monitoring 
 Weather forecast 
 Traceability 
 Satellite data  Various Cyprus  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
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AgriXP Farm 
LogBook & 
Weather 
AgriXP  Crop Management 
 Contract Management 
 Customer Management 
 Labor Management 
 Inventory Management 
 Weather monitoring and 
forecast 
 Traceability 
 Farmers 
generated 
data 
 Various Worldwide  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
Agrimap Agrimap  Crop monitoring 
 Farm Management 
 Labor Management 
 Livestock Management 
 Order Processing 
 Supplier Management 
 Traceability 
 Farmers 
generated 
data 
 Fruits  
 Vegetables 
Worldwide  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
Agroptima Agroptima  Reports 
 Automatic stock 
movements registration 
 Crop calendar 
 Crop monitoring 
 Farm Management 
 Labor Management 
 Search historical data 
 Field monitoring 
 Traceability 
 Satellite data 
 Farmers 
generated 
data 
 Row crops 
 Orchards 
 Vegetables 
 Vineyard 
 Olive trees 
 Nuts 
Europe  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
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EasyFarm Vertical Solutions   Crop Monitoring 
 Field Management 
 Keep records 
 Reports 
 Barcoding/ RFID 
 Contract Management 
 Analytics 
 Supplier Management 
 Livestock Management 
 Farm Management 
 Greenhouse Management 
 Farmers 
generated 
data 
 Various Worldwide  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
Agrivania FIELD AGRIVANIA  Cultivation strategy 
 Crop monitoring 
 Plant recommendations 
 Farm Management 
 Reports 
 Field Monitoring 
 Farm Management 
 Analytics 
 Fertiliser planning 
 Farmers 
generated 
data 
 Various Europe  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
 Organic fertilisers 
Agrivania MAP AGRIVANIA  Field mapping 
 Field records 
 Print field maps for 
subsidy applications 
 Drainage maps 
 High-
resolution 
ortho photos 
 Various Europe  Farmers 
 Agricultural 
Cooperatives 
 Agricultural 
consultants 
 Organic fertilisers 
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AgStudio FARM MapShots  Automate crop record 
keeping 
 Reports to simply crop 
insurance management 
 Record scouting 
observations 
 Multiple field boundary 
sets 
 Mapping components 
 Soil test automation 
 Variable rate seeding 
 Variable rate fertility 
 Harvest inventories 
management 
 Harvest yield 
management 
 Irrigation zones mapping 
 Advanced Multi-Yield 
Analysis for Dry and 
Irrigated Areas 
 Farmers 
generated 
data 
 VRT 
 Various Worldwide  Farmers 
 Agricultural 
Consultants 
 Agricultural 
Cooperatives 
 Service Retailers 
CropTracker Dragonfly  Spray records 
 Harvest records 
 Packing records 
 Storage records 
 Analytics 
 Traceability 
 Reports 
 Farmers 
generated 
data 
 Various Worldwide  Farmers 
 Agricultural 
Consultants 
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Farm Matters Farm Matters  Crop monitoring 
 Fertiliser Planning 
 Spray treatments 
 Harvest Management 
 Soil analysis 
 LERAPs 
 NVZ records 
 Farmers 
generated 
data 
 Various UK  Farmers 
 Agricultural 
Consultants 
 
iAgri Online iAgri Software  Farm mapping 
 Hazards identification 
 Record incidents 
 Farm Management 
 Weather monitoring 
 Analytics 
 Farmers 
generated 
data 
 Various Worldwide  Farmers 
 Agricultural 
Consultants 
 
AGRICOLUS Agricolus  Crop monitoring 
 Pests and disease 
detection 
 Fertilisation Management 
 Irrigation Management 
 Weather forecast 
 Decision Support System 
 Algorithms 
 Farmers 
generated 
data 
 Various Italy  Farmers 
 Agricultural 
Consultants 
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GateKeeper Farmplan Computer 
Systems 
 Farm Management 
 Stock Management 
 Data exchange  
 Crop monitoring 
 Weather monitoring 
 Pests and disease 
detection 
 Analytics 
 Fertilise Management 
 Nutrient Management 
 Decision Support System 
 Work plan 
 Legislative reports 
 Field Mapping 
 Farmers 
generated 
data 
 Various UK  Farmers 
 Agricultural 
Consultants 
 Agronomists 
Gtp.agri Gesag  Field monitoring 
 Ploy Management 
 Crop Management 
 Analytics 
 Farm Management 
 Traceability 
 Farmers 
generated 
data 
 Vegetables 
 Fruits 
Italy  Farmers 
 Agricultural 
Consultants 
 Companies 
John Deere 
Field ConnectTM 
JOHN DEERE  Field monitoring 
 Soil moisture 
Management 
 Temperature monitoring 
 Humidity monitoring 
 Wind speed monitoring 
 Decision support system 
 Field data and 
field sensors 
 Various Worldwide  Farmers 
 Agricultural 
Consultants 
 
APEX FARM 
MANAGEMENT 
SOFTWARE 
JOHN DEERE  Field monitoring 
 Field Mapping 
 Reports 
 Guidance 
 Data Management 
 Satellite data 
 Farmers 
generated 
data 
 Various Worldwide  Farmers 
 Agricultural 
Consultants 
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Deimos 2 
Satellite 
Urthecast  Field Mapping 
 High quality imagery 
 Images designed to fir a 
variety of applications 
 Customised service 
 Satellite data 
 Multispectral 
data 
 Various Worldwide  Farmers 
 Agricultural 
Consultants 
Sentra Double 
4k 
Sentera  NDVI and NDRE maps 
 Crop monitoring 
 Drones  Various Worldwide  Farmers 
 Agricultural 
Consultants 
Controller 2000 JOHN DEERE  Simultaneous liquid and 
dry product control 
 VRA  Various Worldwide  Farmers 
 Agricultural 
Consultants 
Section Control JOHN DEERE  Planter/ seeder   VRA  Various Worldwide  Farmers 
 Agricultural 
Consultants 
Field-IQ JOHN DEERE  Boom height control 
 Automatic section control 
 Seed monitoring 
 Spinner speed control 
 VRA  Various Worldwide  Farmers 
 Agricultural 
Consultants 
EVO Gold Irritec  Irrigation Management 
 Irrigation alerts 
 Field data and 
field sensors 
 Various Worldwide  Farmers 
 Agricultural 
Consultants 
agroNET DunavNET D.O.O.  Crop Management 
 Optimisation of machinery 
use 
 Field management 
 Analytics 
 Prediction 
models 
 Various Serbia  Farmers 
 Agricultural 
Consultants 
Agremo Logit D.O.O.  Field monitoring 
 Crop Management 
 Real-time measurement 
tools 
 Drones  Various Serbia  Farmers 
 Agricultural 
Consultants 
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AgEagle Aerial 
Systems 
AgEagle  Nutrients Management 
 Yield monitoring 
 Field management 
 Crop monitoring 
 NIR/ NDVI aerial map 
 Drones  Various Worldwide  Farmers 
 Agricultural 
Consultants 
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4.4.1. ICT agri-solutions break-down 
Following the above list of currently available ICT agri-solutions, we attempted to gain 
insight on the current “market situation and services” by analysing the amount and the 
type of functions, data sources and target customers/ groups that is currently 
available. 
Based on Figure 5, it is evident that a wide number of functions is currently available 
through the commercial products. Nevertheless, some functions tend to be included in 
the majority of the solutions, e.g. crop monitoring, pests and disease detection, farm 
management and alert on pests. Several complementary functions to the main ones, 
e.g. crop stress and anomaly detection, irrigation management, planting 
recommendations, etc. are being also offered on a case-by-case basis. It shall be noted 
that only a limited number of ICT agri-solutions delivers a wide number of functions 
within a single package. In most cases the customer/ user will need to purchase or 
have access to more than one solutions. 
 
 
 
Figure 5: ICT agr- solutions' data sources 
 
As with the offered functions (limited number per package), solutions tend to have a 
very specific focus. The majority of the analysed ICT agri-solutions target, almost 
solely, farmers (Figure 6). If we attempt to analyse this evident “vendors focus” to 
farmers, we could partially understand the limited number of functions offered per 
package. The second focus group is Agricultural Consultants, where the package of 
functions varies significantly, with more functions offered largely functions that 
require some technical knowledge. A similar package of functions is also being offered 
to Agricultural Cooperatives. 
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Figure 6: ICT agri-solutions' target groups 
Currently in the market ICT agri-solutions seem to be crop specific, winter wheat, 
maize, vineyards, etc. with a small number of them, suitable for arable crops in 
general, open field vegetables and tree crops (Figure 7). A limited number of them 
cover almost all crops, though with limited functionality and more focused on the 
crop/ field management (farm management, analytics, inventory management, etc.).  
 
 
 
Figure 7: ICT agri-solutions' crops covered 
The development of ICT agri-solutions seems to be more generic, either by limiting 
functions offered or customers group, in an attempt to maximise market coverage 
(Figure 8). The majority of the analysed ICT agri-solutions support global applicability 
with a small percentage of them covering only Europe or single countries – areas. To a 
large extent, this has to do with the ICT agri-solutios’ data sources that each of these 
agri-solutions utilizes. 
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Figure 8: ICT agri-solutions' market coverage 
Satellite data, field data and sensors were identified to be the main sources of 
“information” followed by farmers’ generated data (Figure 9). Those findings can 
support the global applicability character of the ICT agri-solutions. Significant number 
of agri-solutions are also including compatibility and synergies with aerial data sources 
(drones and manned aircrafts). 
 
 
 
Figure 9: ICT agri-solutions' data sources 
Based on the aforementioned agri-solutions’ break-down it can be concluded that 
analysed ICT agri-solutions utilise a variety of technologies and deliver a variety of 
functions. Vendors to customize heavily those offered functions based on the users’ 
know-how, in an attempt to deliver user-friendly and simple agri-solutions. While the 
number of tech-savvy farmers is increasing it is expected the number of functionalities 
to increase and the delivered packages to be similar to those offered to the agricultural 
consultants. 
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5. Farmers’ behaviour 
Farmers behaviour analysis and its understanding is an essential requirement to be 
achieved, considering a) that farmers are being the key users of the agri-ICT systems 
and b) the complexity of the agricultural systems [26][27][28][29] significantly 
differentiating them from the rest ICT application markets. To that extent a market 
analysis combined with “Users feedback” can offer important information about the 
extent to which present systems meet user needs and can identify possible utility 
issues to avoid in the new systems [30]. Farmers behaviour is being analysed with 
regards to the pricing policies, the system’s positioning, the competitive advantages 
and the communication strategy [31]. Furthermore, additional supplementary 
information, with regards to farmers requirements, can derive from Market-
competition solution analysis and review of online opinion statements [32]. 
For the purpose of this dissertation, a detailed online market research was conducted 
and presented in the “Market Analysis” chapter mapping farm management tools and 
identifying user requirements through their market position. Research projects were 
also included in the evaluation procedure for having a better understanding of future 
trends in agricultural tools. 
Based on the aforementioned analysis, below are presented the main services, which 
upon their availability affect farmers’ behaviour towards adopting and utilizing ICT 
Agri-solutions.  
5.1. Irrigation scheduling services 
There are many reasons why farmers can economically benefit from the irrigation 
scheduling function.  
Firstly, irrigation scheduling is in line with EU legislation driving increases in the 
regulation of irrigation water and decrease in the “consumption” water amount used 
for irrigation purposes in farms. Secondary to that, farmers tend to seek for ways to 
relieve economic pressure and reduce the growing input costs among them irrigation 
costs as well.  
Thus, the development and usage of irrigation scheduling services will assist farmers in 
their management decision processes and also adopt in the global climate change and 
global warming effects. Generally, irrigation is used for a wide variety of crops and the 
irrigation scheduling is applicable for all crop types. However, irrigation scheduling 
depends on the crop being cultivated and the management practices being used in the 
area. For instance, Serbian farmers are in favor of cultivating winter wheat instead of 
summer wheat to avoid the need for irrigation and in general grasslands are not 
irrigated due to low economic value of their product. 
As water stress will increase more economic incentives will surface for farmers to 
invest and adopt such support systems 
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5.2. Tillage scheduling services 
There is an economic added-value to optimise tillage timing since the timing of tillage 
in relation to soil moisture has a direct effect on crop yields and related operational 
costs. Even though the timing of sowing seems to have a strong impact on final yields, 
it is not a similar case for tillage timing. Evidently, even those two operations are 
interlinked, they both present economic value for farms (since tillage precedes 
sowing). Partial optimisation of energy savings and soil quality to be in line with the 
overall objective of moving tillage operations towards occurring as soon as possible 
and to thus allow planting when needed implies the need to moderate service 
parameters to achieve this functionality. Similarly, soil moisture is relevant for sowing 
operations to avoid soil compaction (due to high soil moisture) and could contribute 
moderately valuable input for this operation as well. Overall, the service should fit into 
a land preparation support tool beyond the limits of only tillage support, and should 
provide timeframes rather than a specific time or series of time given that not all 
operations can be completed. This is of particular important if we consider that spring 
tillage timing can affect/ control weed density, a major cost center to agricultural 
production. 
Tillage scheduling service cannot fully financial benefit throughout the season (as a 
weed control measure, to clear crop residues by integrating them into the soil). 
Farmers would easier adopt tillage scheduling service if it was delivered with a wide 
control feature. Such a service could be supported by remote sensing data and would 
be more than welcome by organic agriculture farmers as a primary tool of weed 
control.  
Such a service could bring variable benefits to farmers depending on the year, location 
and weather patterns that precede land preparation activities. Thus, variations in rain 
and temperatures as well as in the timing and severity of precipitations events increase 
or decrease the value of a tillage scheduling system. For instance, a wet winter and a 
wet spring requires more intense commitment from the farmer to track the state of 
their fields. A secondary very important factor is the dispersion of a farmer’s fields as 
well as the relative size of each field. In such cases, remote estimations and indications 
can assist the farmer and deliver greater financial value to the usage of tillage 
scheduling service. Last but not least, climatic and soil conditions impact and can vary 
the added value of such service, e.g. soils that can drain quickly in wet conditions or 
soils that retain moisture in dry conditions allow the farmer a bigger timeframe to 
perform needed operations, thus, making tillage scheduling services less valuable. 
For that reason, farmers currently base their tillage scheduling and operations on 
regular weather forecasts, past years’ experience and neighbours’ actions as their 
point of references. Furthermore, farmer on field visit could provide him with 
sufficient information to plan his activities. Even though, there are special tools, 
sensors and system based on sensors, that farmers can use instead of field visits, they 
avoid using them because of forbidding costs (purchase/ operation). 
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5.3. Crop growth services 
There are two main reasons behind the high value that crop growth services have high 
perceived value for farmers. One on hand, allows them to effectively monitor crop 
performance and on the other hand assist them in strategically reduce inputs and 
minimize product cost. 
Achieving high yield or minimizing yield loss has direct economic benefits for farmers, 
by maximizing income based on specific resources. The crop growth service is set to 
enable crop protection by monitoring plant performance effectively and remotely. It 
will also allow them to identify potential threats (signalling underperformance) and 
when performing in field visit to actually verify the cause. 
Early detection of biotic and abiotic stress allows for focused mitigation actions and 
results in minimal damage to yield. Furthermore, allows farmers to address pests and 
diseases in their infancy avoiding more serious damage that could potential be 
irreversible or difficult to eradicate. Crop growth services can also support and 
compliment irrigation scheduling services and more accurate estimation if combined of 
water stress. In addition, nutritional deficiencies can be witnessed through crop 
growth and imminent actions can take place to improve crop health and achieve 
highest possible yield.  
Overall, crop growth monitoring can lower input use and decrease operational costs by 
optimizing operations and result in great savings for farmers. Further to the crop 
growth service, in some cases it is essential to inform/ educate and discuss with 
farmers on possible improvements in their traditional workflow. For instance, crop 
growth models’ information can enable farmers to use targeted crop protection 
measures. For the farmers’ side, this targeted approach may not be fully acceptable. It 
is a matter of farmers’ behaviour whether or to select a targeted treatment as a 
preventive measure or to select the traditional blanket treatment. Given that crop 
growth model aims to deliver efficient operations a change in the traditional farmers’ 
workflow may be needed. 
Such a change and lowering application volumes of crop protection inputs can have a 
substantial effect on farmers’ income. European farmers used over 250 metric tonnes 
crop protection agents in 2010, spending a total of €7,2 B on herbicides, fungicides, 
insecticides and other substances [33]. Those rising costs for almost all EU farmers 
have not always resulted in higher yields, pressuring in most cases financial EU 
farmers. Especially, between 2010-2015 this pressure was even higher because of a 
price-cost squeeze (higher input costs, lower revenue) in six countries, input prices 
rising higher than output prices in three countries, and output prices falling lower than 
input prices in two more countries [34]. 
5.4. Yield estimation services 
Although experienced farmers can perform and estimation of upcoming yield based on 
plant growth and in season conditions, yield estimation services can deliver a more 
  -41- 
precise estimation of future yield and the opportunity for better logistical and 
commercial arrangements. 
Farmers have expressed that this is important to them, and that the information is 
directly useable. Especially, in cases of contractual farming, harvest related operations 
and external labour management. Accurate yield estimations can benefit farmers in 
several aspects from inputs’ planning to credit rating. 
5.5. Weather forecast services 
Weather forecasts are a major information source for farmers. If the information is 
accurate and presented promptly and contributes to a milestone decision-making, it 
can bring significant economic value for farmers. Farmers are seeking value-added 
weather forecast services, that will assist their line of business by providing them with 
accurate in time and agri-related information. Furthermore, based on weather forecast 
services, farmers are seeking for added-value functions that will assist them in 
optimising pesticide fertilise application in order to minimize quantity, frequency and 
cost of reapplication. It is also important for them to understand how weather forecast 
information relates to plans for irrigation. 
5.6. Precision Agriculture management zoning services 
By combining historical field performance data with almost real-time field 
performance data, ICT agri-solutions can break down the field in different 
management zones. Since every management zone shares soil properties (acidity, 
nutrient content, water holding capacity, composition, etc.), it allows the farmer to 
adjust the treatment per zone, systematically optimize inputs, increase yields and 
achieve higher income.  
This management zone service that enables a per zone specific treatment to be 
performed is in total contradiction to traditional farmers’ operations and activities. 
Farmers perform blanket treatments based on their understanding and evidence 
received from their field visit. In most cases, their decision was based on the worst 
zones, either in terms of nutrients inefficiency or irrigation water needs or pest disease 
appearance. 
This horizontal-blanket treatment results in higher input costs, higher operational costs 
and more labour intensive operations. While at the same time, it is not accompanied 
by expected increases in yield.  
Farm management decisions are presently taken on the field level. As such, decisions 
are made to optimize an average value representative of the field which is an 
abstraction in practical terms. Farmers use data on intra-field variation optimizing farm 
management at a greater granularity, allowing for variable treatment within a field to 
maximise yields and minimize application of inputs in areas where they are necessary. 
Farmers are increasingly using ICT solutions in the agricultural sector, a situation which 
requires new skills and knowledge for farmers as well as advisers. Thus, farmers should 
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be trained with the technical knowledge to successfully use the ICT solutions. 
Moreover, access to broadband internet is essential and farmers should make use of it 
in order to have access to all actors in the agricultural sector and specifically, in the 
agri-food value chain. Due to the growing mobile, wireless as well as internet 
industries, ICT solutions have increasingly been adopted even by less well-off users, 
due to the effectiveness of such tools for decision-making  [35]. 
 
6. Gaps identification and conceptual model 
Within this chapter and following the market analysis and farmers’ behaviour chapters, 
we attempt to provide a conceptual model based on the identified gaps and vendors 
currently available agri-solutions. General recommendation as to which functions and 
data sources are critical to be included and of value to current and future farmers’ 
know-how and operations. Essentially, we attempt to deliver max value to the final 
user. 
6.1. The Gap 
The global population expansion poses the need for more food production. As a result, 
the world food demand is expected to increase by 70% by 2050 [36]. However, at the 
same time in Europe, there is a need to take actions to mitigate climate change 
without undermining sustainability or jeopardising resources. Using less water, energy, 
fertilisers and pesticides should be combined with existing agricultural practices 
(tillage, irrigation) and supplemented with new emerging technologies (e.g. monitoring 
crop growth, estimating crop yield). 
Soil needs to be properly prepared for crops (tillage) while ensuring its water content 
is optimal. If there is too much water, the soil clogs. If there is too little, soil will be 
degraded during tillage and a lot of energy will be wasted. This is why optimal tillage 
needs to be scheduled with the help of available data. Past methods for such 
scheduling (meteorological stations, electrical resistance blocks, IV thermometers, 
etc.) were time consuming and expensive but have fortunately become obsolete [27]. 
Therefore, new methods and technologies are needed for better and quicker crop 
water need estimation. Crop growth monitoring is also of great significance in order to 
obtain necessary data about the crop cycle. Productivity zones can be identified for the 
application of agrochemicals and crop growth is determined through surveys (aerial or 
field). Farmers can decide whether a product should be sold or stored based on yield 
estimation to analyse and compare field productivity. Current crop yield is estimated 
through yield sampling, biomass weight measurement and size of grains. All the 
aforementioned methods are time consuming and expensive.  
Small European farmers have a particular need for having access to novel low cost 
agricultural practice services since they are not able to exploit economies of scale, 
their production level is limited. They find it difficult to buy and use modern 
technology equipment because it is not affordable and carries high risks. EO can 
address these needs by providing information on a wide range of crop and field related 
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variables (e.g. measuring moisture of soil, temperature or photosynthesis rates). The 
EO information can be used to facilitate making decisions, and to use resources 
efficiently. Consequently, costs are reduced (optimal field inputs), profits rise (higher 
yield) and advantages improve (more competitive). 
EO technology is already embedded in commercial farm management products such as 
FARMSTAR10 and SOYLSense11, used in large and more profitable farms that can 
achieve economies of scale. FARMSTAR recommendations clearly illustrate this: they 
are based on a mean 44-hectare holding while the main EU one comes 14,2 hectares 
[37]. Therefore, most EU farmers cannot take advantage of the huge potential of EO in 
agriculture. This makes it obvious that there is a mature market for an economical 
user-friendly tool that responds to the needs of small holding owners. 
Satellite sensing is rapidly maturing in its capability to augment and extend spatial and 
temporal coverage. Sentinel-1, -2 and -3 provide data useful to farmers through: 
 C-band radar regular delivery (Sentinel-1) 
 farming application of images based on multispectral methods (Sentinel-2) 
 wide radius of coverage (290km) for continuous and very frequent collection 
(Sentinel-2) 
 21 bands (300 m resolution) at all terrains providing images based on 
multispectral methods (Sentinel-3) 
 quick forwarding of data over a long-time horizon (all) 
The availability of the Copernicus data, and the policy of its application (open data 
system) presents an unprecedented opportunity for developing new low cost EO 
farming service applications that can address the needs of small holdings. 
6.2. The Conceptual model 
The conceptual model will address the need of small farmers for an affordable and 
easy to use suite of farm management tools, and will enable them to take better-
informed decisions over their practices and inputs in order to achieve maximum 
profitability. It will take advantage of the enhanced resolution and revisit frequency of 
Copernicus Earth Observation (EO) data, provided on a free and open basis, in order to 
produce low cost data products and services that can be used for small farms. 
Copernicus EO data will be complemented with other open EO data to improve 
temporal resolution of the conceptual model’s products.  
The functions should use state-of-the-art agronomic models that will provide farmers 
with targeted information on the decisions they have to take over their practices and 
inputs.  
The conceptual model encloses a set of consulting tools catering for small farmers, 
agricultural cooperatives and agricultural consultants. The core application will be a 
web-based platform with GIS capabilities, and is accessible using all operating systems. 
The platform will be complemented by a mobile application with limited features, 
                                                 
10 AIRBUS Defence and Space, Ploughing a better furrow, 25 November 2011. 
11 SOYL – Precision Farming  
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designed to assist agricultural consultants to conduct tasks in the field related to the 
conceptual model platform. 
Through the web application, users will be able to see all data for the selected time 
periods and their area of interest. The data will include: 
 The layers of the EO images 
 The conceptual model processed maps (mainly maps of soil compaction for 
tillage operations, maps of soil moisture content, maps of crop health, maps of 
crop water and irrigation requirements, and maps of yield estimates). 
 The data per field or sub-field level (depending on user rights) in chart and 
table formats for each parameter. 
 Detailed reports with analysis and sums of the results. 
 Data comparisons between different dates. 
The mobile application will provide a basic reporting with the use of charts and tables 
for their farm and fields. Mapping capabilities of the mobile application will be limited 
and will be only used for providing the latest available map for each parameter. 
Both the web and the mobile application will have an alerting system that will alert 
users when a problem arises (e.g. low soil moisture content, sudden changes on NDVI 
measurements) or when new data will be available to the system. Moreover, the users 
will be able to enter their farm and field data (type of crop, operations calendar, etc.) 
through both applications. 
High importance will be given to the different user rights, as the conceptual system will 
be used from farmers, agricultural consultants, and farmers’ associations’ staff. A 
number of functions will be available, depending on the user rights, for farmer 
practices and comparison, the interface will include the appropriate functionality with 
buttons, colours or text where needed. All provided maps, charts and plots will be 
accompanied with an easy to read legend. This design process will make the functions 
flexible and highly effective to the targeted users. 
The functions provided to small farmers and agronomists will be at field and at sub-
field scale to be applicable to the farmers that follow precision agriculture practices, 
where the field is divided into sub-field to be treated separately according to its 
specific needs: 
6.2.1. Tillage Scheduling 
At the beginning of the crop season, most farming systems are applying tillage to 
prepare soil for plant cultivation by breaking down soil into smaller aggregates, 
allowing for greater aeration of soil and greater root growth and thus promoting plant 
growth and crop yield. The timing of these operations is important, as soil moisture 
impacts the amount of small aggregates that are produced – and therefore plant 
performance throughout the season. Moreover, ploughing in wet conditions increases 
fuel consumption and can damage soil structure through compaction. 
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This conceptual model’s function will use data on soil composition from the SoilGrids 
database to estimate soil hydraulic properties and plasticity of a farmer’s field, and 
SAR data from the Sentinel-1 to calculate actual surface soil moisture. It will also use 
the weather prediction of precipitation and evapotranspiration to predict the 
evolution of soil moisture of the top soil layer for the next seven days and as such, the 
functions will forecast field suitability for tillage operations over the coming week. The 
calculated parameter will be shown intuitively through a colour gradient, either on the 
field level which will use a set of rules to define the suitability of soil for tillage, or on a 
pixel based. 
6.2.2. Irrigation Scheduling 
Irrigation is critical for crops and has a major impact on growth in climates with a 
significant stretch of dry weather during the growing season, which includes a large 
portion of Southern Europe. In certain regions such as those in the Mediterranean, 
water itself is limited and irrigation has to make careful use of available water to meet 
plant needs overtime. In other areas, irrigation represents a cost during the summer 
and minimising its use to areas that need it only when it is needed to maximise 
producer’s income. 
Irrigation Scheduling will follow the same approach as tillage scheduling service to 
estimate soil moisture evolution for the upcoming week, with the difference that this 
function will take account also crop growth using multispectral data from Sentinel-2, 
and the soil moisture estimation will be referred to the whole root zone depth and not 
only to the top soil layer. The estimated soil moisture values will be compared against 
the optimal soil moisture for plant growth, and according the result of the comparison 
the soil should be irrigated or not. An intuitive colour gradient will be shown how close 
or far the calculated value is from the recommended value to irrigate. Once the need 
for irrigation will be identified, the farmer will be notified through an in-app alert, an 
email or SMS.  
6.2.3. Crop Growth Monitoring 
Crop Growth Monitoring service will provide an overview of plant vigour across the 
field. It will draw on Sentinel’s 2 multispectral data and process them to generate 
vegetation indices as a basis to estimate LAI and biomass. The calculated data will be 
shown intuitively coloured to represent the magnitude of index values. 
The generated data by this function will be applied in a variety of ways. During the 
season, plant growth data will be used to identify locations of abiotic or biotic stress, 
leading the farmer to investigate the cause before significant yield damage is 
sustained. The data will also be used to apply variable rate applications of fertiliser and 
pesticides, allowing farmers to minimise input costs. Finally, crop growth data will be 
used to analyse performance overtime, with a spatial overlay of results obtained from 
specific varieties of crops under the varied conditions of the season, which will be used 
to inform future planting decisions. 
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6.2.4. Crop Yield 
Information about expected yields before harvest is an important input for farmers to 
manage post-harvest sales related activities. Moreover, having a picture of how yields 
vary across their holdings potentially allows farmers to have a simple feedback 
mechanism for experiments conducted during the season in subplots or whole fields. 
Crop Yield function will provide a spatial estimate of yield with high accuracy up to a 
month before harvest. This will relate to both the primary economic component of the 
crop as well as that of secondary components from the crop. As a result, the farmer 
will be able to better plan their marketing strategy, and to be able to negotiate from a 
position of better knowledge of expected yield. 
6.2.5. Weather Forecast 
Weather is the main driver of open field agriculture. From planting to harvesting, all 
farming decisions are influenced by weather conditions. A highly localised weather 
forecast function, offering more relevant data than currently available alternatives, will 
allow farmers to improve management of labour as well as to improve their timing of 
operations. 
The Weather Forecast function will rely on the use of high resolution numerical 
weather and atmospheric data assimilation systems, along with machine learning 
based model output statistics to improve the produced weather forecasts. The 
function will provide field-level data on surface weather parameters such as 
Temperature, Humidity and Vector Wind, Precipitation etc., and agrometeorological 
parameters such as Reference Evapotranspiration and leaf wetness duration. Also, it 
will provide alerts and notifications to the users regarding high impact weather events 
such as hail storms, frost, heat waves, blizzards, lightning and gales. 
6.2.6. Farm Management Zoning 
Farm Management Zoning will identify crop performance pattern within a field that 
will repeat across seasons by analysing historical data of vegetation indices. According 
these crop patterns, farmers will adjust their management practices with the goal to 
achieve higher yields and yields of higher quality. 
Management zones will be presented to users of this function through the web map 
visualisation component, appearing as a separate layer of polygons over the satellite 
base layer. As a result, the farmer will adjust treatments and management tasks within 
their fields to improve yield quantity and quality, and hence to maximise income. 
7. Conclusions 
Smart farming has been used at a high charge in the EU for a decade. The more 
available ICT becomes, the more it is used for purposes of yield monitoring, soil 
sensors, remote sensing and technologies for variable rate application. The European 
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market for the provision of agricultural information services is estimated to be 
approximately € 43 million in 2015. 
Drawing from current mark analysis combined with farmers’ behaviour analysis, it can 
be concluded that: 
a) Irrigation of field crops or large areas of permanent crops require significant 
investments in irrigation equipment, and farmers with existing infrastructure 
for irrigation are more willing to adopt farm management systems. 
b) Farmers are willing to adopt new ICT solutions which offer low-cost information 
on soil suitability for tillage across their fields. 
c) Farmers are keener to use Agri-ICT solutions that include crop-growth services 
and support crop management approaches 
d) Farmers prefer an accurate estimation of their yield volumes prior to harvest. 
e) Weather related added-value services are strongly favoured by farmers. 
f) Farmers are keen of solutions that can reduce cost of inputs. 
Those results combined with the identified gaps showcase a favourable environment 
at which our conceptual model could capitilise up on. Special focus, while designing 
the conceptual model was given to:  
a) The reluctance and unwillingness of small farmers to change towards using new 
farming tools and services. Studies have shown that farmer behaviours show 
considerable diversity during transition to new ways of production, with 
widespread reluctance to adjust to the new imperatives. The same reluctance 
of farmers applies to their perception towards the profitability of new farming 
techniques and technologies [29][38]. 
b) The educational level and the age of farmers since less educated farmers are 
less likely to adopt new farming techniques or gain familiarity with farm 
management technologies [39].  
c) The financial crisis as a condition in the global economy that has isolated small 
farmers by shrinking their income but also limited the market for Earth 
Observation products since small farmer cannot afford to purchase such 
products.  
Taking aforementioned barriers into consideration, the conceptual model aims to 
deliver an easy-to-use, affordable agricultural information platform providing a suite of 
four functions aimed at small farmers: tillage scheduling; irrigation scheduling; crop 
growth monitoring and crop yield estimation. The conceptual model functions will 
provide timely information to improve agricultural productivity and facilitate efficient 
farm management. 
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